INTRODUCTION
Atherosclerotic cardiovascular disease (ASCVD) remains one of the leading causes of death worldwide [1] . In Korea, the rates of morbidity and mortality related to ASCVD have been increasing rapidly [2, 3] . As the relationship between low-density lipoprotein cholesterol (LDL-C) and ASCVD risk is well established, lowering
METHODS

Data source
The Korean NHI service, which is a mandatory universal health insurance program in Korea, covers the claims of 97.0% of the Korean population, whereas the medical aid program covers those of the remaining 3%. The Health Insurance Review and Assessment (HIRA) service, which evaluates NHI claims, maintains a database with information on almost all insurance claims pertaining to the Korean population (approximately 50 million) [9] .
The data included in this study were provided by the HIRA service after de-identification. Such data included age, sex, diagnosis, date of hospital visits, drug prescriptions received during inpatient and outpatient visits, hospital admissions, medical procedures, and emergency department visits. Diagnoses were coded according to the International Classification of Disease, 10th revision (ICD-10). We used data recorded between 1 August 2010 and 31 July 2015.
Definition of ASCVD
We identified all subjects with the first medical claims for acute coronary artery disease (CAD), acute cerebrovascular disease (CVD), or peripheral artery disease (PAD) in cohort selection period between 1 August, 2011 and 31 July, 2012. To improve the diagnostic accuracy and avoid overestimation due to inclusion of patients with previous ASCVD, we defined newly diagnosed AS-CVD as an ICD-10 code corresponding to a CAD, CVD, or PAD diagnosis established following an emergency room visit or during hospitalization; the codes of relevant procedures including surgery were also used (Supplementary Table 1 ).
Specifically, CAD and CVD patients were identified based on medical claims mentioning acute myocardial infarction (AMI) or cerebral infarction, respectively, as the principal diagnosis or as the first additional diagnosis in patients with a different principal diagnosis. Alternatively, CAD and CVD patients were identified based on medical claims mentioning any percutaneous intervention or surgery associated with the corresponding disease; such procedures were identified using the HIRA Healthcare Common Procedure Coding System [10] . Since previous studies showed that the current diagnostic coding system is less sensitive and less specific for PAD-related illness than for CAD or CVD [11] , we identified PAD patients based on claims mentioning any percutaneous intervention or surgery associated with a PAD diagnosis. Patients who required amputation of lower extremities were identified based on medical claims mentioning an associated procedure code. If a patient was diagnosed with more than one type of ASCVD on the same day during the cohort selection period, the priority for ASCVD categorization was CAD, followed by CVD, and then PAD [12] .
Study period and population
Subjects diagnosed with ASCVD between 1 August, 2011 and 31 July, 2012 were included in this cohort, with the index date (i.e., date of diagnosis) corresponding to the cohort entry date (Fig. 1A) . The cohort was followed up until 31 July, 2015, so that each subject was followed up for at least 3 years and up to 4 years. We excluded subjects with preexisting ASCVD by eliminating all cases with inpatient, outpatient, or emergency room claims for ASCVD (CAD, CVD, or PAD) during 1 year preceding the cohort entry date (pre-index period). To evaluate the pattern of LLT initiation after ASCVD di-www.kjim.org https://doi.org/10.3904/kjim.2018.312 agnosis, we also excluded subjects with an LLT-related claim during the pre-index period. Therefore, the subjects included in this study were ASCVD-free for at least 1 year before the index date and were regarded as having newly diagnosed, LLT-naïve ASCVD. Furthermore, we only included adult subjects aged 20 to 89 years. Finally, we excluded subjects with unclear diagnosis of comorbidities (i.e., not in accordance with the definitions listed in Supplementary Table 2) . Therefore, 80,884 subjects were enrolled in this study (Fig. 1B) .
Comorbidities
We identified the presence of comorbidities based on claims mentioning concurrent diagnoses during 1 year before cohort entry. The presence of hypertension was identified based on a combination of relevant diagnostic codes and the use of at least one anti-hypertensive drug. The presence of diabetes mellitus was identified based on at least two relevant diagnostic codes or at least one claim per year for prescription of anti-diabetic medication under diabetes diagnostic codes. The presence of heart failure, atrial fibrillation, or severe chronic kidney disease (CKD) was identified based on the corresponding ICD-10 codes (Supplementary Table 2 ). This approach to defining comorbidities has been validated in previous studies based on the Korean NHI cohort [10, 13] .
Exposure to lipid-lowering agents
Drug exposure was assessed based on prescriptions claimed during the follow-up period from the index date. Statin use was defined in subjects who had at least one prescription for commercially available statins (rosuvastatin, pravastatin, atorvastatin, lovastatin, simvastatin, pitavastatin, or fluvastatin) between the index date and the end of the observation period (31 July, 2015) . The intensity of statin therapy was classified according to the daily dose of lipid-lowering agents (LLAs), established per the cholesterol lowering guidelines issued by the American College of Cardiology (ACC) and American Heart Association (AHA): (1) high-intensity statin therapy with atorvastatin 40 to 80 mg or rosuvastatin 20 to 40 mg; (2) moderate-intensity statin therapy with atorvastatin 10 to 20 mg, rosuvastatin 5 to 10 mg, simvastatin 20 to 40 mg, pravastatin 40 to 80 mg, lovastatin 40 mg, fluvastatin XL 80 mg, fluvastatin 40 mg twice a day, or pitavastatin 2 to 4 mg; (3) low-intensity statin therapy with simvastatin 10 mg, pravastatin 10 to 20 mg, lovastatin 20 mg, fluvastatin 20 to 40 mg, or pitavastatin 1 mg [6] . If a patient was prescribed more than one statin, our analysis included data from the prescription involving the highest intensity and dose. Subjects who did not have a record of statin prescription at any time during the observation period were defined as statin non-users. Subjects who did not receive a statin prescription but did receive a prescription for LLT with a non-statin LLA (ezetimibe, fibrate, omega-3, niacin, and bile acid sequestrant) were defined as non-statin LLA users. 
Ethics statement
The Institutional Review Board of the Seoul National University Hospital (IRB No: 1511-060-719) approved the study protocol. The board waived the need for obtaining informed consent from the study population. The study conformed to the principles of the Declaration of Helsinki.
RESULTS
Baseline characteristics
This study enrolled 80,884 subjects with newly diagnosed ASCVD and with no history of LLT during the year before the index date (Table 1) . Overall, 59.3% of subjects were male and the age was 66.7 ± 13.2 years. Newly diagnosed ASCVDs included CAD (n = 26,727, 33.0%), CVD (n = 52,645, 65.1%), and PAD (n = 1,512, 1.9%). A few subjects (n = 434, 0.54%) were diagnosed with more than one type of ASCVD on the same day. Among the subjects enrolled, 41,833 (51.7%) had hypertension and 32,014 (39.6%) had diabetes.
Lipid lowering therapy status
Among the 80,884 subjects newly diagnosed with ASC-VD between 2011 and 2012, 48,725 (60.2%) received LLT during the follow-up period (no later than 31 July, 2015), with most being prescribed statins. The subjects were classified according to the LLA prescribed: (1) statin-only LLT; (2) combination LLT (statin and non-statin LLAs); (3) non-statin LLT (non-statin LLAs only); (4) no LLT. Thus, statin users were defined as subjects who received statin-only or combination LLT, whereas statin non-users were defined as subjects who received non-statin LLT or no LLT at all. The proportion of subjects who received statin-only, combination, and non-statin LLT, was 50.5%, 9.7%, and 0.1%, respectively, whereas 39.8% of subjects did not receive LLT at all during the observation period after ASCVD diagnosis. Thus, the study population consisted of 60.1% statin users and 39.9% statin non-users. Among the subjects receiving LLAs, statins were used in 99.8% of cases. Among statin users (n = 48,639), 83.9% (n = 40,825) received statins only and 16.1% (n = 7,814) received combined LLT with statins and non-statin LLAs.
The use of LLT according to age, sex, underlying AS-CVD, and comorbidities at baseline is illustrated in Fig.  2A and summarized in Tables 1-3 . The proportion of statin users increased continuously across age groups, from 28.9% among subjects in their 20s to 70.9% among subjects in their 50s, but decreased gradually from 67.7% among subjects in their 60s to 41.3% among subjects in their 80s (p < 0.001). Statin-based LLT was most commonly prescribed among subjects aged 40 to 69 years. LLT use was less common among women, with approximately 46% of women and 35.9% of men receiving no statin therapy throughout the study period (p < 0.001).
The pattern of LLT use differed also according to the type of ASCVD (p < 0.001). Specifically, statins were prescribed in 80.4% of CAD patients, which was higher than the average use of statins in the overall study population (approximately 60%), as well as higher than the use of statins among CVD and PAD patients (only 50.2% and 46.8%, respectively) ( Table 3 and Fig. 2A ).
Status of the use of statin-based LLT
Most statin users received atorvastatin (65.4%), followed by rosuvastatin (22.3%), simvastatin (8.8%), pitavastatin (4.0%), and pravastatin (3.8%). The prescriptions typically involved moderate-intensity statin therapy (77.2%), followed by high-intensity (18.5%) and low-intensity The A similar pattern of statin therapy prescription was observed in patients with CAD, CVD, and PAD. However, rosuvastatin was more frequently prescribed in CAD patients (31.8%) than in CVD and PAD patients (14.7% and 19.4%, respectively; p < 0.001), whereas atorvastatin was more frequently prescribed in CVD patients (69.9%) than in CAD and PAD patients (60.0% and 60.3%, respectively; p < 0.001). High-intensity statin therapy was less frequently prescribed in PAD patients (8.5%) than in CAD and CVD patients (19.3% and 18.2%, respectively; p < 0.001) (Fig. 2B) .
Status of the use of combination LLT with statins and non-statin LLAs
Among the subjects prescribed combination LLT (9.7% of the total study population, n = 7,814), the non-statin LLA most frequently prescribed in combination with statins was ezetimibe (59.8%, n = 4,449; 9.1% of all statin users), followed by omega-3 fatty acids, fibrate, and niacin (27.3%, 23.9%, and 2.7%, respectively; n = 3,498; 7.2% of all statin users). The fibrate most frequently prescribed in combination with statins was fenofibrate (95.8%), followed by bezafibrate (3.9%). The patients who received combination LLT were younger and had a higher incidence of CAD than of CVD or PAD. Additionally, combination LLT was more frequently prescribed in subjects with diabetes (10.2% vs. 9.3% among non-diabetic subjects; p < 0.001). Fibrates were more frequently prescribed in diabetic subjects (28.4% vs. 20.7%, p < 0.0001), while ezetimibe was more frequently prescribed in non-diabetic subjects (62.1% vs. 56.5%, p < 0.0001) (Table 3 and Fig.2C ).
Factors associated with the decision to not prescribe statins
Compared to statin users (i.e., subjects prescribed statin-only or combined LLT), statin non-users (i.e., subjects prescribed non-statin LLT or no LLT) were older, more likely to be female, less likely to have diabetes, and more likely to have heart failure, atrial fibrillation, or severe CKD (Table 1) . On multivariate logistic regression analysis, factors associated with statin non-use included age (≥ 70 or < 40 years), female sex, underlying CVD or PAD, and comorbidities of heart failure, atrial fibrillation, and severe CKD. On the other hand, underlying CAD, hypertension, hyperlipidemia, and diabetes were associated with statin use (Table 2 and Fig. 3 ).
Time interval from ASCVD diagnosis to LLT
Among all subjects newly diagnosed with ASCVD (n = 80,884), 45.5% were prescribed statins at the time of AS-CVD diagnosis, and 53.0% within 90 days of diagnosis. In patients started on statins after the index date, the median time interval from ASCVD diagnosis to the first statin prescription was 78 days (interquartile range, 15 to 506).
DISCUSSION
Overview of findings
In this nationwide database study, we found that only 60% of LLT-naïve Koreans newly diagnosed with AS-CVD were prescribed statin therapy. The use of moderate-intensity statins was favored, even for secondary prevention. We also found that adults aged < 40 or ≥ 70 years, women, and individuals diagnosed with CVD or PAD rather than CAD were less likely to receive LLT for newly diagnosed ASCVD.
Changing cholesterol management guidelines for secondary prevention
Persons with established ASCVD are at very high risk for recurrent ASCVD. Secondary prevention trials indicate that statin therapy reduces the risk of recurrent cardio- [2, 5] . In 2013, the ACC/AHA issued updated guidelines on the treatment of dyslipidemia, which focused on statin intensity without a target for LDL-C levels [6, 15] . Thus, the latest recommendation according to the AHA/ACC guideline is that statin therapy should be initiated with high or moderate intensity in patients with clinical AS-CVD including acute coronary syndromes, history of myocardial infarction (MI), stable or unstable angina, coronary or other arterial revascularization, stroke, transient ischemic attack, and PAD of atherosclerotic origin. The 3rd Korean guideline, which was issued in 2015, listed treatment algorithms involving maintenance of LDL levels according to risk factors, but recommended statin use in AMI regardless of LDL levels [2] .
Real world practice compared to current guidelines
During the study period evaluated here (i.e., from 2011 to 2015), only 60% of patients with new-onset ASCVD and no history of statin use were started on LLT (mostly with statins). According to the guidelines currently Values are presented as number (%). Drug exposure was assessed during follow-up period. ASCVD, atherosclerotic cardiovascular disease; CAD, coronary artery disease; CVD, cerebrovascular disease; PAD, peripheral artery disease; LLA, lipid-lowering agent.
a Use of a lipid-lowering agent other than statins and ezetimibe. in effect, most patients with ASCVD should be started on statins as early as possible [2, [4] [5] [6] [7] [8] . However, it might be difficult to apply these guidelines to actual clinical practice in Korea because there are racial differences in risk factors and mortality associated with ASCVD, and because government-issued reimbursement guidelines may differ [1, 2] . During the study period, both the practitioners and the national insurance programs in Korea may have been in a transition period. In 2014, the criteria of insurance coverage of LLT were revised to refer to CAD and CAD equivalent diseases with LDL-C levels ≥ 100 mg/dL, as well as to acute coronary syndrome with LDL-C levels ≥ 70 mg/dL. Despite these important updates to the guidelines and the growing evidence that statins consistently improve outcomes for the secondary prevention of ASCVD, our results indicated that statins continue to be underused, as seems to be the case worldwide [16, 17] . A recent study in Korean patients reported that recommended statins are still prescribed at suboptimal rates upon discharge following MI, though the rate of statin use in this population increased gradually, from 76.9% in 2005 to 82.6% in 2011 [18] . Many studies have confirmed that early and continuous statin therapy during and after hospitalization improves the early outcomes of AMI [19] . We found that, in this study, only 53.0% of patients received their first statin prescription within 90 days after being newly diagnosed with ASCVD. Thus, to reduce the treatment gap, nationwide surveys should be conducted regularly to monitor the rate of treatment prescription and treatment intensification.
We also found that high-intensity statin therapy in particular was underused in Korean patients with established ASCVD. As documented in the 2013 ACC/AHA guidelines, as well as in the Pravastatin or Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocardial Infarction 22 (PROVE IT-TIMI 22) study [20] and the Treating to New Targets (TNT) study [21] , high-intensity statin therapy is more efficacious than moderate-intensity therapy for reducing cardiovascular end points. As these results are based on studies conducted in Western populations, there is insufficient clinical evidence to support the suggestion that higher-intensity statins confer an important benefit in Korean patients with ASCVD. In a study based on the Korea AMI Registry (KAMIR), which is the first nationwide retrospective registry for AMI in Korea, high-intensity therapy did not appear superior to low-to-moderate-intensity therapy for reducing the risk of major adverse cardiac events after AMI [22] . However, other studies in Korea support the superiority of higher-intensity statin therapy to reduce adverse cardiovascular outcomes in patients with ischemic stroke or drug-eluting stents [23, 24] . Further studies are warranted to clarify the benefits and adverse effects of high-intensity statin administration in Asian populations, including Koreans.
Factors associated with statin non-use
We found that women and subjects aged ≥ 70 years were less likely to be prescribed statins after being newly diagnosed with ASCVD. The 2001 and 2013 ACC/AHA guidelines do not set an upper age limit for statin treatment in patients with ASCVD and recommend that statin treatment may also be considered in older persons at higher risk [6] . A recent study conducted in the United States reported that, compared to moderate-intensity statins, high-intensity statins provided significant survival advantage in elderly patients with ASCVD [25] . Furthermore, since elderly patients have the highest absolute risk of cardiovascular disease, statin therapy is considered to be more cost-effective in this population. For these reasons, they recommend that high-intensity statin therapy should be considered in all ASCVD patients, irrespective of age.
Prior studies have indicated that, compared to men, women with cardiovascular disease are less likely to receive a statin prescription or treatment intensification for cholesterol control [17, 26] . However, cardiovascular disease continues to be the leading cause of death in women worldwide [1] . Moreover, pharmacologic therapy for hyperlipidemia has been shown to be equally effective for secondary prevention in women and in men, reducing the risk of recurrent cardiac events and ASCVD mortality [26] . Therefore, to promote optimal treatment choices for ASCVD, it is necessary to increase physician and patient awareness of the benefits of LLT in women. Moreover, large-scale, long-term, adequately-powered studies are warranted to provide real-world evidence for the effect of statins in Korean populations of female and older patients with ASCVD.
We found that statin use was much lower in subjects with CVD or PAD (approximately 50%) than in those with CAD (approximately 80%). The Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) study showed that, in patients with stroke or transient ischemic attack, atorvastatin (80 mg/day) reduced the incidence of stroke and cardiovascular events [27] . However, SPARCL is the only trial regarding statin use for secondary prevention in stroke patients. Further largescale randomized prospective studies are needed to support the widespread implementation of statin therapy in stroke patients.
In the present study, we found that patients with comorbidities such as heart failure and severe CKD were less likely to be prescribed statins. Two large trials, the Controlled Rosuvastatin Multinational Trial in Heart Failure (CORONA) and the Gruppo Italiano per lo Studio della Sopravvivenza nella Insufficienza Cardiaca-Heart Failure (the GISSI-HF) trial, failed to confirm the beneficial effect of statins in heart failure patients [28, 29] . In contrast, the Chronic Heart Failure Registry and Analysis in the Tohoku District 2 (CHART-2) results suggested that higher-intensity statin therapy has a particularly beneficial prognostic impact in heart failure patients with preserved ejection fraction in ischemic heart disease, regardless of LDL-C levels [30] . CKD carries an increased risk of cardiovascular disease [31] . The 2013 Kidney Disease: Improving Global Outcomes (KDIGO) organization guidelines recommend the use of statins in all adults ≥ 50 years with stage 1 to 4 CKD or kidney transplant, but not in those on chronic dialysis [32] .
Study limitations and strengths
This was a retrospective observational study based on claims data from the Korean NHI database. The claims data did not include patient clinical data (e.g., physical examination results, laboratory findings) that might provide information about the severity of ASCVD and about potential statin contraindications. We did not evaluate the impact of pill burden on statin non-prescription, because our analysis data set did not include other drug prescriptions except LLT, anti-hypertensive, and anti-diabetic medications. In addition, longitudinal clinical information about interruption of LLT was not reflected in this database. Because this study was focused on the initiation of LLT after newly diagnosed ASCVD, subjects who had a record of LLA prescription at any time during the observation period were defined as LLA-users. Therefore, we did not examine LLA adherence and persistence. Moreover, we may have overestimated the use of high-intensity statins because all subjects with a prescription of high-intensity statins at any time during the observation period were defined as high-intensity statin users. Additionally, the lack of data on baseline LDL levels is a major limitation of our study. The Korean, as well as the European and the Japanese guidelines recommend treatments with specific LDL-C targets for secondary prevention of ASCVD [2, 7, 8, 33] . Although the 2013 ACC/AHA guideline recommended immediate statin therapy regardless of LDL-C levels in very-high-risk patients with ASCVD [6] , it is likely that low baseline LDL levels may at least partially explain the high rate of non-prescription of statins. However, since we did not have data regarding baseline lipid levels, it was not possible to determine whether the underuse of statins was in any way related to the LDL-C targets established by various guidelines. Further study is needed to evaluate whether baseline LDL-C levels, particularly if low, are associated with non-prescription of statin-based LLT in patients with ASCVD.
Despite these limitations, the present study provides a unique perspective into the real-world, nationwide clinical practice regarding LLT provision in Korean patients with newly detected ASCVD. We focused on analyzing the patterns of LLA prescription using longitudinal nationwide prescription data collected for at least 3 years and up to 4 years following ASCVD diagnosis. Therefore, our findings reflect the real-world clinical practice in terms of LLT prescription for secondary prevention in the general Korean population.
To summarize, our present findings indicate that, in recent years, only 60% of Korean patients with newly detected ASCVD received statin therapy. Almost 80% of CAD patients received statins, compared to only approximately 50% of CVD or PAD patients. The factors significantly associated with statin non-use were younger or older age (≤ 40 or ≥ 70 years), female sex, and underlying CVD or PAD rather than CAD. These findings, which were obtained as a result of an extensive investigation of epidemiologic data from the Korean NHI claims database, confirm the treatment gap in statin therapy in Korea and highlight the importance of continuous monitoring of real-life clinical practice. We hope that our findings will be considered when planning national www.kjim.org https://doi.org/10.3904/kjim.2018.312 public health strategies to improve guideline adherence and ensure that Korean patients with ASCVD receive appropriate statin treatment.
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